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GAS-PHASE CHEMICALS

Major Atmospheric Loss Processes Are:

• Photolysis

• Reaction with Hydroxyl (OH) Radical
(during daylight hours)

• Reaction with Nitrate (NO3) Radical
(during nighttime hours)

• Reaction with Ozone (O3)



OH Radical - Daytime ubiquitous

O3 + hν →  O* + O2

O* + H2O  →  2OH

NO3 Radical - Nighttime, no NO

O3 + NO2 → NO3 + O2

NO3 + NO2 ↔ N2O5

NO3 + hν → NO2 + O  (photolyzes during day)

NO3 + NO → 2NO2  (reacts with vehicle NO)



Coastal plain bounded by inland mountains in
the presence of a strong temperature inversion.

From: Lu and Turco (1994) J. Atmos. Sci., Vol.

51, p. 2306.
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Sept. 4-7, 1997



NOx and O3
transported
to elevated
site

Elevated site
isolated
from NO

Evening:  

At Azusa:  O3 + NO → NO2 + O2

In Inversion layer:  NO2 + O3 →  NO3 + O2
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Gas-Phase Polycyclic Aromatic Compounds

Major Atmospheric Loss Processes Are:

• Photolysis

Important for nitro-PAHs

MNNs:  τ = 0.1 - 3 hrs

• Reaction with OH  Radical

τ < 1 day for most PAHs

C1- and C2- Alkylnaphthalenes τ = 2-4 hrs

• Reaction with NO3 Radical

Forms nitro-PAHs in high yields

• Reaction with O3

only for e.g., 
τ = 2.5 hrs

CH3

NO2



Nitro-PAH can serve as unique markers of

 OH radical and NO3 radical reactions.

NO2

NO2

NO2

NO2

NO2 NO2

1-NP

electrophilic

2-NP

OH rxn. (0.5% yield)

4-NP

NO3 rxn. (trace)

3-NF

electrophilic

2-NF

OH rxn. (3% yield)

2-NF

NO3 rxn. (24% yield)
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OH Radical Chemistry
Daytime

Torrance, CA

NO3 Radical Chemistry
Nighttime

Claremont, CA

Diesel Particles



Ambient PAH Concentrations (ng/m3)

PAH Sampling
Media

Vehicle
Traffic
Impacted

Wood
Smoke
Impacted

Industrial
Emissions

Naphthalene Tenax 4,800 1,400 4,600

1-Methylnaph. Tenax 390 210 370

2-Methylnaph. Tenax 730 340 780

Phenanthrene Tenax 51 230 79

Fluoranthene PUF(filter) 6.2 (0.3) 16 (30) 18 (0.5)

Pyrene PUF(filter) 5.5 (0.3) 12 (30) 16 (0.6)

B[a]P Filter 1.5 8 4.2

B[e]P Filter 0.6 12 6.2
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Naphthalene + OH Products
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Methylnitronaphthalenes (MNNs)

from OH and NO3 Radical Reactions

OH

NO3 2M4NN

1M5NN

1M4NN
+

1M6NN

2M1NN 1M3NN



OH Rxn.

Azusa Day

Azusa Night

2M1NN
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NO3 Rxn.

Azusa Night

2M4NN

Banning Night

2M1NN 1M3NN



MAP SHOWING AZUSA,
RIVERSIDE, MOUNTAIN SITES
AND BANNING



Riverside Night

Azusa Night

Banning Night



Nitro-PAH Markers of OH Radical
and NO3 Radical Reactions

PAH OH Rxn. NO3 Rxn.

Naphthalene 1-NN (1%)
2-NN (1%)

1-NN (24%)
2-NN (11%)

1-Methyl-
Naphthalene

1M5NN
1M4+6NN
Σ MNNs 0.4%

1M3NN
Σ MNNs 30%

2-Methyl-
Naphthalene

2M5NN
Σ MNNs 0.2%

2M4NN
2M1NN
Σ MNNs 30%

Biphenyl 3-NBPh (5%) No rxn.



Banning NightAzusa Day

m/z 173

m/z 187
MNNs 

m/z 187
MNNs 

m/z 173 

m/z 199
 

m/z 199

3-NO2-biphenyl

3-NO2-biphenyl

1M5NN

2M4NN

1NN

2NN
1NN

2NN



NO3   +

H ONO2

O2
kc kdke

ka

kb

Products Products
Products

H

kobs = kakc[NO2]/(kb + kc[NO2])
     
          k akc [NO2] 

kb
=

(including nitro-products)

NO2

when kb >> kc[NO2]

2-MN  kobs = 1 x 10-27 cm-6 molecule-2 s-1

Yield 2M4NN = 0.1
[2-MN] = 60 ng/m3

[2M4NN] = 0.3 ng/m3

t = 2.2 x 104 s

          k akc [NO2] 
kb

= [2M4NN] Yield [NO3] [2-MN] t

[NO2] [NO3] = 2.3 x 1021 molecule2 cm-6

Assume [NO2] = 10 ppbv, then [NO 3] = 1 x 1010molecule cm-3

[NO2]



OH

NO3

Dimethylnitronaphthalenes (DMNNs)
from OH and NO3 Radical Reactions

of  Volatilized Diesel Fuel



OH Rxn

20.00

Azusa

Dimethylnitronaphthalenes (DMNNs)
from OH Reaction of Volatilized Diesel Fuel

and Ambient Sample from Azusa



Ambient Nighttime
PUF sample

Redlands, CA

Chamber NO3
Radical Reaction

CH3

NO2



Vapor Phase Mutagrams - Redlands, CA
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